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Description 

[0001] The present invention relates to a versatile production system. The system manufactures various kinds of 
products, including small quantities, on a single production line. The present system particularly relates to methods for 
5 operating the system by monitoring the running conditions of the production line and automatically generating work 
order sheets so as to increase productivity by minimizing tact-time of the production line. A relevant production process 
control system is disclosed by document EP 0 160 317. 

[0002] In general, In a production line for manufacturing products, necessary parts for assembling the products are 
supplied; the products are assembled, tested and inspected and the perfomiance of the assembled products are ap- 

10 proved as a result of the test and are conveyed to a pacl<ing site. It is preferable for mass production to install a 
production line for each product, and when various item products are manufactured, including small quantities, a largo 
factory space and a large number of production facilities are required. When products are manufactured in small quan- 
tities having a separate production line for each product, Idle time increases, and sections of occupied factory space, 
production facilities, and .operators become redundant. 

15 [0003] in order to solve these problems, an applicant of the present invention developed inventions previously filed 
at the Japanese Patent Office, entitled "Versatile Production System". According to this system, a production system 
Is provided that manufactures various l<inds of products, including small quantities, and In the system, worl< order 
sheets required for each process and infonnatlon pertaining to defective parts found in the preceding processes on 
the line are automatically provided, and the system automatically produces a test result report before conveying the 

20 products to a packing site. 

[0004] In such a production system, there are three aspects that should be considered to improve productivity. The 
first aspect is described hereinafter, in the production line, tact-time, which is consumption time for executing each 
process such as product assembling, testing and inspection is different depending on the work efficiency or health 
conditions of each operator. The tact-time changes depending on each operator's working time, because the work 

25 efficiency changes depending on each operator's working time. 

[0005] The second aspect is that continual production proceeds without knowing the manufacturing condition of 
defective products, which depends on missing parts and defective units found in the assembled and tested products. 
[0006] When continual production proceeds without knowledge of the preceding processes, that Is if abnonnal con- 
ditions occur, productivity deteriorates significantly While if the continual production proceeds without knowing the 

30 percentage of defective products, a significant number of defective products are potentially manufactured. 

[0007] The third aspect is described below. In the production line, consumption time for executing each process such 
as assembling, testing and inspecting is different so that tact time, which is the maximum consumption time for executing 
each process, is preferably minimized, whereby each operator does not have excess time between each process. In 
order to minimize tact time, work order sheets are occasionally prepared for each operator at each working site, which 

35 are prepared by trial and en^or based on manual calculations when work Is assigned to operators at each work site. 
Production then proceeds in accordance with the work order sheets. 

[0008] However, the work order sheets obtained above are usually inappropriate, thereby providing operators with 
Idle time and reducing productivity. In addition, preparation of the work order sheets requires time and labor, thereby 
preventing the work order sheets from being prepared on time when work order changes are required from the pro- 
40 ductlon control system. 

SUIVIiVlARY OF THE INVENTION 

[0009] The Invention concerns a versatile production system as defined by claims 1 and 4. 
45 [0010] in consideration of the aforementioned problems, the object of the present invention is to provide a versatile 
production system and a method that automatically generate work order sheets for each operator at each woric site so 
as to minimize tact-time, thereby increasing productivity, and that also automatically and rapidly generate woric order 
sheets by assigning necessary work to each operator when woric order changes are required from the production 
control system. 

50 [0011] Fig, 1 is a basic construction drawing of a versatile production system of the present invention. 

[0012] The versatile production system which achieves the aforementioned object of the present Invention comprises: 

at least one of assembling sites 1 for assembling parts delivered in order and making various kinds of products 
on a single production line; 

55 

at least one of testing sites 2 for testing and Inspecting the perfomiance or quality of assembled products; 
a plurality of line terminals 3 Installed at any of the assembling sites or the testing sites; 
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a communication-memory unit attached to a product or a pallet for loading the product so as to match the flow of 
products and Infomiation and that communicates manufacturing data with the line terminal and memorizes same 
when the pallet Is conveyed to the production line; 

5 a line host controller 5 reads the memorized data from the communication -memory unit via the line terminals 

installed in the workplace of the assembling sites and testing sites, and uses the read data to output work order 
sheets for operators working at the assembling sites and the testing site via the line terminals and outputs test 
result reports containing test/inspection record data for a product that has been assembled, tested and Inspected 
and finally detennined as defective free products via a line terminal installed at a final testing site; and 

10 

a line host control terminal 6 that directly inputs and outputs data for master file maintenance, work order control, 
progress control, schedule arrangement and product history related data with the line host controller: 

wherein the line host controller 6 is characterized In that It previously memorizes; each file such as work contents, 
IS operators, time changes standard parts feeding sequence, components of a product and maintenance tools; re- 

ceives a production command from the production control system; calculates and shares work so as to minimize 
the tact; and outputs the work order sheets via the line temrtinal. 

[0013] A versatile production system of the present invention further comprises a fault infonnation tenninal 7 that 
20 inputs fault content data for products having faulty parts to be replaced, inputs faulty parts data that indicates parts are 
defective, and deletes the faulty input data after repair by replacing the faulty parts. 

[0014] In the versatile production system, the line host controller outputs work order sheets to minimize the tact via 
the line tenminal; 

the work order sheet is generated from a schedule file that records the work start date, type code, product name, 
25 product number, work sequence and work start time for a determined process, and a process base work file that 
indicates which product should be produced, and indicates when and what time the work should be started, and what 
work should be executed based on each process. 

[0015] A method for operating a versatile production system so as to minimize the tact comprises: 

30 a first step to calculate an average value by dividing the total work man-hours that Is the sum of manhours required 

by each work for making a predetemnlned product by a process number corresponding to an operator number; 

a second step to multiply each group sum of work man-hours for work assigned to each operator by each rating; 

35 namely, a work efficiency factor for each operator so as to render the work man-hours for each process equal or 

less than the average value. 

[0018] An alternative method for operating a versatile production system so as to minimize the tact comprises: 

40 a first step to determine the Intended assigned man-hours of each operator by dividing the sum of the total work 

man-hours by the sum of the rating of each operator and multiplying the respective operator's rating; 

a second step to assign works to each operator so as to render the work man-hours for each process equal or 
less than the Intended assigned man-hours. 

45 

[0017] Another method for operating said versatile production system comprises: 

a third step that assigns remaining work that was not assigned to each operator so as to obtain the total work man- 
hours for each operator by adding the group sum of woric man-hours for each operator, which become substantially 
equal between operators. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

55 Fig. 1 is a basic construction drawing of a versatile production system of the present invention; 

Fig. 2 shows an embodiment of a versatile production of the present invention; 
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Fig. 3 


shows hardware for linking between an ID card unit and a line host controller; 




Fig. 4 


shows a foimat of an ID card; 


5 


Fig. 5 


is a flow chart for a monitoring process of a versatile production systenD of the present invention; 




Fig. 6 


is a table example showing a calculation process of a production line balance considered as most ap- 
propriate before modification; 


10 


Fig. 7 


Is a table example showing a calculating process of a production line balance considered as most ap- 
propriate after modification; 




Fig. 8A 


is a half part of a table example for a work contents file stored In a memory area of a line host controller; 


15 


Fig. 8B 


is another half part of a table example for a work contents file stored In a memory area of a line host 
controller; 




Fig. 9A 


Is a table example for an operator file stored In a memory area of a tine host controller; 


20 


Fig. 9B 


Is a table example for a highly efficient working time zone file stored In a memory area of a line host 
controller; 




Fig. 9C 


is a table example for a normal production sequence file stored in a memory area of a line host controller; 


25 


Fig. 1 0A 


is a table example for a maintenance tool file stored in a memory area of a line host controller; 




Fig. 10B 


Is a table example for a parts list file stored in a memory area of a line host controller; 


30 


Fig. 10C 


is a table example for a production command file stored In a memory area of a line host controller; 


Fig. 11 A 


Is a table example of a process base file stored In a memory area of a line host controller; 




Fig. 118 


Is a table example of a schedule file stored in a memory area of a line host controller; 


35 


Fig. 12 


is a first part of a process flow chart for generating a work order sheet arranging an appropriate production 
line balance; 




Fig. 13 


Is a second part of the flow chart continuing to Fig. 1 2; 


40 


Fig. 14 


is a last part of the flow chart continuing to Fig. 1 3; 




Fig. 15 


is a table example showing a first calculation process of a production line balance considered most ap- 
propriate; 


45 


Fig. 16 


Is a table example showing a second calculation process of a production line balance considered most 
appropriate; 




Fig. 17A 


is a half part of a collection of display examples of work order sheets; 


SO 


Fig. 178 


is another half part of a collection of display examples of work order sheets; 




Fig. ISA 


is a display example when fault unit data Is Input; 


55 


Fig. 188 


is a display example when product error code are input; 


Fig. 19A 


Is a display example of a units list for a product before replacing faulty units; 




Fig. 198 


Is a display example of a unit list for a product after replacing faulty units. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] Fig. 2 shows an embodiment of a versatile production system of the present Invention. In Fig. 2, M1 to M6 
denote assembly sites for assembling products. T1 to T1 4 denote testing sites for testing and Inspecting semi-assem- 

5 bled products. A semi-assembled product implies an integrated body of parts mal<lng up a product, which is then 
transported during the assembling process, from assembly to completion of assembly, to the first testing site T1. In 
the assembling sites M1 to M6, semiassembled products 1 to 6 are assembled. The assembling sites M1 to M6 Include 
temporary parts supply stations (not shown), In which parts required for the type of product are stored. Trolleys are 
used to distribute parts, each of which distributes parts to the assembling sites M1 to M6 in the order in which the parts 

10 are assembled. Some assembling sites may not be used depending on the number of parts. For example, if assembling 
Is completed by using assembling site M1 to M4, then assembling site M5 and M6 are not used. In this embodiment, 
an ID card (not shown) serving as a communication-memory unit or a data carrier Is attached to a pallet for loading a 
product. The ID card Is used to transfer information necessary for manufacturing products to or from a line host controller 
via linetenninals. 

15 [0020] Fig. 3 shows hardware for linking between an ID card and a line host controller. In Fig. 3, a numeral 1 1 denotes 
what is referred to as an optical ID unit or an ID card in the present invention. The ID card 11 Is attaciied to a product 
or a pallet for loading a product, and an optical tennlnal 12 is installed in each assembling site or each testing site. 
When the ID card arrives, a photoelectric switch Installed in each assembling or testing site detects the presence of 
the ID card and a sequencer 14 stops a conveyor belt, which is not shown. The assembling or testing is then started. 

20 Beforehand, the ID card 11 is communicated via the optical temninal 12 to read or write data therefrom or thereon. 
Reading or writing data Is effected by a line tenninal 15 in each workplace under the control of a line host controller 
16. A signal transfen^ed via the optical temiinal 12 Is amplified by a control unit 13. The control unit 13 is connected 
through the sequencer 14 or directly to the line terminal 15 using an RS-232C interface. 

[0021] A line terminal in an assembling site Ml transmits a products code corresponding to a product type that has 
25 been entered by a keyboard or by reading a bar code to a line host controller. The line host controller writes data for 
an ID card, such as, a products code, a control number, a process number, a work start time, a work end time, and 
test patterns that are stored therein, on an ID card to be described later via a semi-assembled product handling terminal. 
The line host controller then informs an operator of the data for an ID card by outputting an assembling woric order 
sheet to a CRT monitor or printer connected to the semi-assembled product handling terminal The operator in the 
30 assembling site M 1 starts driving a transporting means or a conveyor belt (not shown) so as to Transport an assembled 
product according to the work order sheet. 

[0022] At assembling sites M2 to M6, semi-assembled product temiinals or line terminals installed therein read the 
product code, control number, and other data from the ID card attached to the pallet transported sequentially to the 
woricplaces. The semi-assembled product terminals also read data pertaining to the type, part numbers, lot numbers, 

35 and the manufacturing dates of the parts making up the semi-assembled product, for example, from the bar codes 
attached to the parts. The semi-assembled product terminals then transmit the read data to the line host controller. 
The line host controller informs operators of the above data by outputting the assembly work order sheets associated 
with the assembling sites M2to M6, which will be stored In the line host controller, to CRT monitors or printers connected 
to the respektive semi-assembled product tenminats. The operators start driving transporting means or conveyor belts 

40 (not shown) to feed semi-assembled products 1 to 6, which are being assembled, to the assembling sites at the sub- 
sequent steps. Finally, the semi-assembled product 6 is transported to a testing site T1 . 

[0023] A testing tennlnal or a line tenminal in the testing site T1 reads the products code and the control number from 
the ID card attached to the transported pallet and identifies the type, part numbers, lot numbers, and manufacturing 
dates of the parts making up the product by reading, for example, bar codes attached to the parts. The testing temninal 

45 then transmits these data to the line host controller. The line host controller detemnlnes whether any part is missing 
from the semiassembled product 6, then issues a work order Indicating, for example, Missing Part Found to a CRT 
monitor or a printer connected to the testing terminal, thus infomning the operator. Moreover, the testing terminal writes 
the data acquired in the testing site T1 , which Includes a process number, a work start time, a woric end time, and the 
results of detennlnation indicating the presence or absence of a defect, on the ID card. The operator then starts driving 

50 a transporting means or a conveyor belt (not shown) to feed the semi-assembled product 6 to a testing site T2. 

[0024] A line terminal in the testing site T2 reads the data of products code and the control number from the ID card 
attached to the transported pallet, then transmits these data to the line host controller. The line host controller checks 
and detennines whether Software Keep should be executed; that Is, If a test program should be written In the hard disk 
of the product, and then informs an operator of the results of the check by outputting the result to a CRT monitor or a 

55 printer connected to the line tennlnal. When it Is determined that Software Keep should not be executed, the operator 
starts transporting the semi-assembled product to a testing site T3 at the next step, and when it is determined that 
Software Keep should be executed, the operator temporarily places the semi-assembled product on a Software Keep 
shelf, writes a test program on the hard disk of the product, and starts transporting the seml-assembied product to the 
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testing site T3 at tiie next step. 

[0025] A line terminal at tlie testing site T3 reads the data of products code and the control number from the ID card 
attached to the transported pallet, and then transmits the read data to the line host controller. The line host controller 
checks to detemnlne If the semiassembled product 6 should be retired (i.e. subjected, as a returned article, to a repairing 

5 process), then infonnsan operator of the result of the check by outputting same to a CRT monitor or a printer connected 
to the line temnlnal. When It is determined that the semi-assembled product should be retired, the operator places the 
semi-assembled product 6 at a retiring site. When It is determined that the semi-assembled product should not be 
retired, the operator checks a setting order indicating the Condition for setting high-temperature aging and low-tem- 
perature aging apparatuses, then sets the aging apparatuses according to the setting order. In the setting, the operator 

10 sets the aging time, relative to a set aging voltage to, for example, two hours at a voltage L (a little lower than 5V) or 
twelve hours at a voltage VH (a little higher than 5V), and specifies the number of steps occupied by each aging 
apparatus that depends on the size, or especially, the height of a semiassembled product. The operator then starts 
driving a transporting means inside the high-temperature aging apparatus toward a testing site T4 at the next step. 
[0026] The number of occupied steps is set to six for each of the high-temperature aging and normal-temperature 

?5 aging apparatuses. A transporting means covering six steps is installed, and depending on the height of a semi-as- 
sembled product, two or three steps are occupied for each semi-assembled product. The high-temperature aging 
apparatus consists of transporting means for outgoing and incoming paths. The normal-temperature aging apparatus 
Includes a transporting means for an outgoing path alone, A retiring site Is preserved not only in testing site T3 but 
also in testing sites T4, T5, T7, and T14. 

20 [0027] A line temiinal In the testing site T4, which situated outside the outgoing path of the hightemperature aging 
apparatus, reads the data of the products code and the control number from the ID card attached to the transported 
pallet, and then transports the read data to the line host controller. The line host controller outputs the received data 
to a CRT monitor or a printer connected to the line terminal, thus reporting whether or not the semi-assembled product 
6 has an automatic voltage change function, and when the semiassembled product 6 has said function, the operator 

25 does not respond and when the semi-assembled product 6 does not have said function the operator modifies the set 
voltage value manually. The operator then starts driving a transporting means In the high-temperature aging apparatus 
to Transport the semi-assembled product 6 through the outgoing path of the high-temperature aging apparatus toward 
a testing site 5 at the next step. 

[0028] A line temnlnal in the testing site T5, which Is situated outside the outgoing path of the hightemperature aging 
30 apparatus, reads the data of the products code and the control number from the ID card attached to the transported 
pallet, and then transmits the read data to the line host controller. The line host controller outputs the aging time for 
the normaltemperature (roomtemperature) aging apparatus and the number of occupied steps for the semi-assembled 
product to aCRTmonitororaprinter connected to the line terminal, thus infonning an operator of the data. The operator 
sets the aging time for the nomnai-temperature aging apparatus and the number of occupied steps as infomned, and 
35 then starts driving a transporting means In the nonnal-aging apparatus. 

[0029] After normal-temperature aging Is completed, the semi-assembled product is transported to a testing site 
T1 0. A line temiinal in the testing site T1 0 reads the data of the products code and the control number from the ID card 
attached to the transported pallet, and then transports the read data to the line host controller. The line host controller 
outputs the received data to a CRT monitor or a printer connected to the line temnlnal, thus Infonning an operator 
40 whether Software Keep should be executed; that Is, whether an operating system should be written. When Software 
Keep should be executed, the operator executes a write operation, and following that, the operator starts driving the 
transporting means to a packing site toward a testing site T14. When Software Keep should not be executed, the 
operator starts driving the transporting means without Software Keep. 

[0030] A line temnlnal in the testing site T14 reads the data of the products code and the control number from the ID 
45 card attached to the transported pallet, and then transmits the read data to the line host controller. The line host controller 
Issues a test result report to a printer connected to the line temnlnal at the testing site T14. IVloreover, the line host 
controller executes Stocking After Testing; in other words, the line host controller reports the completion of assembly 
and inspection to a production Management system. 

[0031] Furthermore, the line host controller communicates via a packing site host controller at a packing site over 
50 LAN, and infomns an operator of a packing work order indicating that a cardboard box required for packing should be 
prepared to transport a semi-assembled product to the packing site by outputting the packing work order to a printer 
or a CRT monitor connected to the administration tenninal of the packing site host controller, on the other hand, the 
line terminal in the testing site T1 4 writes the data acquired in the testing site T1 4, which includes a process number, 
a work start time, a work end time, and the results of a detemnlnation representing the presence or absence of a defect, 
55 on the ID card. Finally, the operator starts driving a transporting means or a conveyor belt (not shown) so as to feed 
the product to the packing site. 

[0032] Furthemnore, in the vicinity of a workplace for repairing faulty products, a fault-in (infomiation) tenninal is 
provided. Through the fault-in tenninal, data Indicating faulty contents are input for the product in which at least one 
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defective unit is found, defective parts data wliich are judged defective are input, and the faulty contents data or de- 
fective parts data are deleted when defective units or parts are replaced. In this way, quality control Is executed. 
[0033] A line host control temalnal 6 Is used when directly inputting or outputtlng the data relating to production 
management and quality control Including master file maintenance, worl< order control, progress control, schedule 
5 arrangement, and product history control. The host controller 5 is called a floor controller because it is on the same 
floor as the production line. 

[0034] Furthennore, the line host controller 5 outputs work order sheets to minimize the tact via each line terminal. 
[0035] Fig. 4 shows a fonnat of an ID card. An ID card employed In the embodiment has a storage capacity of 2K 
bytes as shown in Fig. 4. A 32-byte memory area (herein, one byte consists of four bits) is allocated to each of the 22 

10 addresses. In this memory map, data stored at address 1 are fixed data, a products code, a control number, data 
indicating the presence or absence of a defect, a line-out flag, a line-in flag, selection of VH or VL, line-out Process, 
Pallet Return, a re-entry flag, a No. 1 Keep flag, a No. 2 Keep flag, and Automatic Voltage Change of VN, VL, and VH. 
Data stored at address 2 are a high-temperature VH aging time, a high-temperature VL aging time, a nonnal-temper- 
ature aging time. Step Change, and supplementary data related to line control. Data stored at addresses 3 to 8 are 

15 the process numbers, start times, the results of detemriination,' end times, and supplementary data of seml-assenibled 
products 1 (assembling site Ml) to semi-assembled products 6 (assembling site IV16). Data stored at addresses 9 to 10 
are process numbers, start times, the results of determination, end times, and supplementary data of semi-assembled 
products from the beginning of the test process (at a testing site T1 ) to the end of the test process (at a testing site T1 4). 
[0036] The contents of the memory will be described as a supplement. Fixed data represents a leading address of 

20 a memory area and is set to 0. The products code and the control number Indicate a product type and a parts number 
respectively. The presence or absence of a defect indicates whether or not a part Is missing or an abnormality is found 
in the results of a test. The line-out flag provides identification data i ndicating that a product should be neither assembled 
nor tested until a product, in which a defect is detected, reaches the first retiring space. The line-in flag specifies re- 
entry: that is. provides data indicating whether or not product Is retired, or in which process a retiring order is Issued, 

25 For example, GO represents No Retired Product. 01 represents Retire Order issued in Process 1 . Selection of VH or 
VL'indicates whether VH or VL is set to an automatic power change unit installed at a testing site T4. Line-out Process 
Indicates a process in which a product is retired. Pallet Return is data Indicating whether a pallet should be returned 
to a leading process by passing through or bypassing the high-temperature aging apparatus. The re-entry flag specifies 
whether or not the product is a re-entered article. The No. 1 Keep flag specified whether or not to load a test program. 

30 The No. 2 Keep flag specifies whether or not to load an operating system on a hard dislc. Automatic voltage Change 
of VN, VL, and VH indicates whether a product has an automatic voltage change function. 

[0037] The high-temperature VH aging time, high -temperature VL aging time, and no mna I -temperature aging time, 
which reside at address 2, are provided, for example, as data 1230, meaning that aging continues for twelve and a 
half hours. Step Change indicates the selection of one step, two steps, or three steps. The process numbers residing 
35 at addresses 3 to 22 are concemed with assembling sites Ml to M6 or testing sites T1 to T14. The start time or end 
time Is written in the fomn of a date, hours, minutes, and seconds. The results of the determination indicate the presence 
or absence of a defect. 

[0038] As described above, an ID card stores data of each product. As a semi-assembled product is transported 
over a production line, the ID card Is read and written at assembling and testing sites. Based on these data, upto-date 
40 and accurate work orders are issued. 

[0039] Communication with a quality infonnation system and a production management system enables the common 
use of data and offers support to quality control and production management systems. 

[0040] Fig. 5 is a flow chart for a monitoring process of a versatile production system of the present invention . Before 
explaining Fig. 5, parameters used for monitoring the versatile production system of the present invention will be ex- 
45 plained. The parameters are divided Into three main factors such as (A) time controls, (B) quality conditions and (C) 

state of operators. 

[0041 ] According to (A), time control based parameters, there are three main parameters: tact time, line balance and 
man-hours for each process that is input from line tennlnais. Ail of these parameters are calculated based on input 
data through the ID cards, in such a manner that the tact time is calculated from the time each semi-assembled product 
50 is passing the individual working site, the line balance is calculated from the time differences between the maximum 
tact time and the minimum tact time in each process, and the number of man-hours for each process is calculated by 
deducting the work start time from the work end time. There is another parameter according to (A), that is, operator 
unoccupied time, which Is cateulated from sensor input signals located at each wori<lng site so as to detectthe existence 
of the operator. 

55 [0042] According to (B), quality condition based parameters, there are several parameters pertaining to the frequency 
of faulty products occurring based on types, processes, contents, parts and critical faults, which are calculated from 
input infonnation mainly obtained through the faulty information terminal each time faulty products are found. 
[0043] According to (C), the state of operator based parameters, there are three main parameters: stop hours at the 
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same location, remaining hours outside the normal working site, and frequency of moving from the woricing site, all of 
. which report the status of the operator. These parameters are calculated from sensor input signals provided at each 
working site and electrically connected with programmable controllers, and are then communicated with the line host 
controller via each of the line temninals. 
5 [0044] The threshold value table are explained hereinafter. In the embodiments of the present invention, a caution 
ievel and a hazard level are provided as threshold levels, and additional threshold levels may be provided If necessary. 
[0045] The calculations of each parameter are enplaned below. Each parameter is defined as follows: 

(A) Time controls 

10 



"^start • 


worl< start time of a process 


"^sO ' 


arriving time of a semi-assembled product (for nth product) 


Tsi: 


arriving time of a semi-assembled product (for (n+1)th product) 


"•"end ■ 


work end time of a process 


Tout * 


product feeding time from a process 


"^tact* 


tact time of a process 




(Ttact = "'^s1 "^so) 


"'"stop • 


work stop time (Tstop = ^oui " ^end) 


"'"kosu ' 


working man-hour (T^osu = Tgtart * ^end) 


Tbar ' 


line balance 



[Tbar = MAX(Ttart)-M>N(Ttact)] 

Where T^^j^, T^q, T^i, Tend Tout« ^^e direct input data received through the ID cards, and T^^, Ts^p. J^^su 
Tbar. are calculated from the input data received through the ID cards. 

30 

(B) Quality conditions 



Njn.^ : number of semi-assembled products fed in to the production line (counted at the first working site) 

Njr^n : number of semi-assembled products passed through each working site 

'^err-d • ^^^^ product type faulty product number occun'ence 

Nerr.|5 : same process faulty product number occun'ence 

Nerr-n • ^ame contents faulty product number occurrence 

Nerr-b - s^me parts faulty product number occurrence 

Qi(igy„ : same type faulty product occun-ence frequency 



40 



45 



50 



55 



(Qkhhu = (Ne„-d/N,^i)x100) 
Qkotel • same process faulty product occun'ence frequency 

(Qk»lel = (Ne,rVN|n.k)x100 

Qnaiyo ■ Same contents faulty product occurrence frequency 

{Qnalyo = (Ner^n/Nh,i)x100 

Qi,uh|„: same parts faulty product occurrence frequency 

(Qbuhln = (Ne.r-b/Nh.l)XlOO, 
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where N|n.^, Nj^.^, Ngrr-d. Nerr-n ^nd Nerr^j are direct input data received througli the fault information terminal, the 
line terminals or the ID cards, and QkisHu. Qkotei- Qnaiyo and Qbuhin are calculated from the direct Input data above. 

(C) State of operators 

5 

Tn,.sjp : Stop time In the same spot 

Tm-out • traveling time outside of the nomrial working site (time) 

^m-out • number of moving outside from the nonnal worl<ing site (number), 

10 where Tjn.s\pt ^m^ui ^m-out calculated from sensor input signals for detecting each operator at each working 

Site. 

[0046] The methods for reading input data for the parameters are explained below. 

15 (A) As time data infomnation of each process, each work start time of a process is input from the ID card and work 

end time is input from the keyboard by each operator, The start time and the end time of each process can be 
automatically recorded from the ID card attached to each product when It passes through the working site. The 
work end time can be input from the keyboard by an operator when the operator completes the process or as the 
last signal generated from a robot or an automated unit when the process is completed by the robot or the automated 

20 unit. 

(B) As faulty product infonnation, data such as types, occurring time, processes, contents, parts and othenwise 
regarding faulty product occurrence frequencies are recorded through the fault Information tennlnal, the line ter- 
minals or ID card. 

25 When a faulty product is found, the contents of the fault are transmitted to the line host controller. The contents 

include the test result infonnation written on the ID card or a hard disk in each product. 

(C) As operator location Infonnation, data such as accumulated time the operator spent at the working site at which 
the operator spent the main working hours of the day, accumulated time the operator spent outside the normal 

30 working site, and the frequency that the operator moved outside the normal working site are calculated from sensor 

signals, which detectthe operators working at each working site. The sensors are connected to each programmable 
controller located at each working site. The data are stored in a memory area in the line host controller. The sensors 
may be touch sensors attached to a mat placed at a working site, thereby monitoring the location of the operator. 

35 [0047] Fig. 5 is explained below. In Fig. 5, the numeral following the letter "S" indicates the step number. (STEP S1): 
Initialize all flags to zero (normal state) in the memory area of the line host controller. (STEP S2): Read all Parameter 
data described above. (STEP S3): Calculate all parameters described above. (STEP S4): Register necessary Infor- 
mation into a file related to a critical fault that should be input by a keyboard, which belongs to the fault information 
terminal, thereby verifying the occurring fault event with the registered Information. If, the event is detemnined as a 

40 critical fault, go to STEP S11 , If not go to STEP S5. 

[0048] (STEP 85); Compare each parameter data with each threshold value of the corresponding caution level, If 
the value of the parameter data is less or equal to the threshold value, return to STEP S2, If not, go to STEP S6. 
[0049] (STEP S6); Check whether any of the flags are zero (indicates nonnal condition) or not, if yes, go to STEP 
S13, if no, go to STEP S7. 

45 [0050] (STEP S7): Compare each parameter data with each threshold value of the con^espondlng hazard level, If 
the value of the Parameter data is less or equal to the threshold value, retum to STEP S2, If not, go to STEP SB. 
[0051] (STEP S8): Set the flag for hazard to 1. 

[0052] (STEP S9): Input data into a memory area of the production line based on a modified table that is obtained 
by calculating the production line balance considered most appropriate. 
50 [0053] (STEP S 1 0): Output woric change order information ordering woric to be changed determined from the modified 

table via each line tennlnal. 

[0054] (STEP S11): Stop the production line, i.e., stop new supply to the line, and stop all delivery conveyors except 
the aging device. 

[0055] (STEP S1 2): Output the wori< order for the next production. For example, 

55 

(a) Retire, I.e., return returned goods to a repair process, where the returned goods mean semi-assembled products 
that cannot continue to the following production process in the middle of the production line because of faults. 
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(b) Input the keyboard and note the completion of the process 

(c) Command the restart procedure 

5 [0056] (STEP S13): Change the data in the operator table indicating identification number, name and rating of op- 
erators. In the change, each worl<ing time for each process M1, M2 and M3 is calculated based on the ID card infor- 
. mation or the key board operations by each operator input at every work end time and the rating for each operator Is 
determined as follows. 

10 

Planned work man-hour = standard work time x 1 00/rating data stored in the operator table 



Real work man-hour = standard work time x 1 0O/cun-ent operator rating data 

15 

where the cun-ent operator rating data is calculated from each process work time obtained from the input data input 
via ID card or each line terminal keyboard. The current rating Is calculated by solving the two fomriulae above. 

Current operator rating data = (Planned work man-hour/Real work man-hour) x Rating data stored in the 
operator table 

[0057] Furthermore, In STEP S13, preparation for work assignment with the modification table proceeds. 

25 [0058] Namely, the process for generating a schedule file includes Information pertaining to the completion of work 
preparation, the work start date, the code of a product type, the name of equipment, the number of products, the 
sequence of work and the work start time of each process, and an individual process work file includes the product 
name for manufacturing, the production number, the work start time and the work contents. 
[0059] (STEP SI 4): Set caution flag to 1 . 

30 [0060] Fig. 6 Is a table example showing a calculation process of a production line balance considered most appro- 
priate before modification, and 
[0061] Fig. 7 is a table of the same after modification. 

[0062] In Fig. 6 and Fig. 7, to Xg^ indicate the man hours of each operator, to indicate the sum of man hours 
of each process, R^ to Rg Indicate the rating of each operator, m indicates the number of processes and n indicates 
35 the number of Individual work. In these drawings, m = 3 and n = 21 , 

[0063] In the example shown In Fig. 7, the calculating method Is shown to realize the most appropriate production 
line balance when the operator rating for the process M2 changes from 80 to 70. 

[0064] Hereinafter, the mode of operations Is explained. Before the explanation, various kinds of files stored in a disc 
In the line host controller are explained. These flies Include work contents, operators, time change and standard parts 
40 feeding sequence previously generated and can be maintained by the host controller terminal, flies for stock parts 
control and maintenance tools loaded to a disc In the line host controller, a file for a work order such as manufacturing 
number input from the production control system, a schedule file to improve the productivity of the production line 
generated from the production system, and the individual process file. 

[0065] Fig. 8A and Fig. 8B show a table example for a work contents file stored in a memory area of a line host 
45 controller. Type code 10451 and 74329 correspond to product name a, and p, respectively, in each product, various 
kinds of work Is assigned, for example, work name X^, to X21 are assigned to the product name a while work names 
X22 and thereafter are assigned to the product name p. As for each work name, data such as work contents, assembling 
parts, preparation and cleaning hours, working man-hours, working sequence and cautions (not shown in the table) 
are stored In a disk In the line host controller. And as for assembling parts, the data such as parts name, parts supplied 
50 and quantity of parts are stored. As for preparation and cleaning hours, hours for preparation and cleaning data are 
stored, respectively. 

[0066] In the work sequence column, numerical data 1 to 1 8 are stored for the product name a,. The numerical data 
are ordered In accordance with how effectively the product name a, can be assembled by processing individual work 
names X^ to X21 In order. If there are more than two similar numerical numbers to each work name, work contents of 
55 the work name can be started for whichever work content is first. Furthermore, the time of preparation and cleaning 
hours and the work man-hours may be measured in minutes or seconds. 

[0067] As a caution column, for example, for work name Xg, "Metal fitting should be mounted to the far left side.", 
and as for work name X.15, "No gap with upper cover". Important message data for assembling work are explained. 
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The work contents file explained above is constructed by this data base or otherwise. 

[00681 Fig. 9A, Fig. 9B and Fig. 9C are table examples for an operator file, a highly efficiency working time zone file 
and a nornial production sequence file respectively stored in a memory area of a line host controller. 
[0069] Fig. 9A indicates an operator file, in this file, identification number data, name data and rating data of each 
5 operator are stored. 

[0070] Fig. 9B indicates a time zone during which an operator can work effectively. 

[0071] Fig. 9C indicates the type code In the left column, and the production sequence number in the right column. 

If the same production sequence number exists in a different type code, any type code product can be produced first. 

[0072] Fig. 1 0A is a table example for a maintenance tool file stored in a memory area of a line host controller. This 
10 table in particular shows data for current maintenance tool stock quantities for a test process. The data decreases 

when the tools are brought to the production line and increases when the tools are returned from the line. 

[0073] Fig. 106 Is a table example of a parts list file stored in a memory area of a line host controller. This table 

shows a parts list including maintenance tools for a product name a. From this file, the name and number of maintenance 

tools used for each product can be determined. 
15 [0074] Fig. 10C Is a table example of a production command file stored in a memory area of a line host controller. 

As shown, production command data such as the work start up date, the type and code, the name of products, the 

manufacturing quantities and the scheduled completion date are stored In the file. 

[0075] Fig. 11 A is a table example of a process base file stored In a memory area of a line host controller For each 
process such as Ml , M2 and M3, data pertaining to the products name, the quantities of manufacturing, the work start 
20 up date and time, the tact pitch (measured in seconds or minutes) and the work contents are stored in the file. As the 
work contents data, work name data Xi to X21, are stored. 

[0076] Fig. 1 1 B is a table example of a schedule file stored in a memory area of a line host controller In this file, data 
of the work start up date, the type and code, the production number, the production sequence number and the work 
start up time for the first process Ml are stored. As mentioned above, each file such as the work content, the operator, 
25 the time zone and the production sequence number are previously made, the parts list file and the maintenance tool 
file are then loaded, and after the production command data from the production control system are Input, each following 
step and a process base work file and a schedule file can be obtained. 

[0077] Fig. 12 Is a first part of a process flow chart for generating a work order sheet arranging a production line 
balance that Is most appropriate, in the drawings, the numeral following the letter "S" indicates the step number. Each 
30 file such as the wori< contents, the operators, the time zone and the standard parts feeding sequence, and each parts 
list file and maintenance tool file are previously loaded. And the production command signal for manufacturing the 
number of products is received from the production control system. The contents of these files are described in the 
following. 

[0078] (STEP Si): Detemnine whether or not all assembling parts are provided. If yes, go to STEP S3, If no, go to 
35 STEP S2. This is determined by comparing each part quantity data to compose a product that is written in a parts list 

file for the product that Is produced In the next process with the stock quantity data of each part stored in the disc of 

the line host controller as parts control. Namely, the stock quantity is checked to detemnine whether or not there is the 

necessary quantity for making a product in the next process. Stock quantities are always checked whenever parts are 

supplied to or removed from the stock, 
40 [0079] (STEP S2): Detemnine whether or not to continue the process when there Is insufficient stock. If It is determined 

to continue, go to STEP S3, if not, return to STEP S1 . The process can be continued if the operator determines that 

the missing parts can be provided later 

[0080] (STEP S3): Read the production command from the production control system. 

[0081 ] (STEP S4): Detemnine whether or not the production command file is completed. If yes, go to STEP S7, If no, 
45 go to STEP S5. 

[0082] (STEP S5): Read the type code and find the standard parts feeding sequence. 

[0083] (STEP S6): Make a schedule file in which the wori< start date, the type code, the name of a product, the 
quantity of the manufacturing product, the wori< sequence and the woric start time of a detemnlned work process are 
provided. 

50 [0084] (STEP S7): Sort the schedule file In the order of the feeding sequence number STEP S3 to S6 described 
above are stages for detennining the feeding sequential number for the production system command. 
[0085] Fig. 13 is a second part of the flow chart continuing to Fig. 12. 

[0086] (STEP S11): Assume total work number is n quantities, total work man-hour is X minutes, each work man- 
hour is minutes and the process number is m quantities. As a No. 1 method, assume 

55 

(total work man-hour/process number = X/m) = A,^ = Ag = — A^j^ minutes, while as a No. 2 method, assume 
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A,i = (total work man-hour) x R^/(Ri + R2 + — R^) 



^ Ag = (total work man-hour) x Rg/tRi + R2 + *" ^m) 

A,„, = (total work man-hour) x R„/ (R^ + Rg + — R„,) 

10 [0087] Set the work man-hours for each process as A^, minutes, the Imaginary process man-hours as Ap minutes, 
the Rating as R and changeable values as L and J. Where, the original settings of X, A|„, A„, Ap and L are 0, while 
the original setting of J = 1 . 

[0088] (STEP S12): Compare J with m. if J is larger than m, go to STEP S16. If J equals m or J Is less than m, go 
to STEP S13. 

15 [0089] (STEP S13): Compare Aj with A^^. If Aj Is larger than Ai^, go to STEP S15. If Aj equals A|„ or Aj Is less than 
Aj^gotoSTEPSM. 

[0090] (STEP S14): Add L plus 1 and update the data. Add Aj Plus X, and update the Aj data. 
[0091] (STEP S15): Add J + 1 and update the J data In the memory. 

[0092] (STEP S1 6): Compare the variable data L with the total work number n. If L is larger than n, go to STEP S21 , 

20 if L equals n or if L Is less than n, go to STEP S1 7. 

[0093] (STEP S1 7): Add L plus 1 and update the data L. Add Ap to X, and update the AF data in the memory. 
[0094] Fig. 1 4 is the last part of the flow chart continuing to Fig. 1 3. Divide Ap, an element of imaginary process man- 
hours Into X|, X|+i, — Xp. For minimizing production line tact, the line balance loss, that is, redundant time from the 
time difference between the working time of each process will be minimized in the following method. 

25 [0095] Calculate the element number n' of Imaginary process man-hours Ap from n - 1 + 1 . And calculate the total 
working man-hours Y after multiplying the rating using the following formula (1). 

Y = A^ X 1 00/R^ + A2 X 1 0O/R2 + — + A„ X 1 + X, + X^^^ + — + X^ (1 ) 

30 

average value y = Y/m (2) 

[0096] Calculate the fonnula (2) and calculate the difference between the average and the man-hours of each process 
35 from the formula (3). 

AA^ = y-(A^ x100/R^ + X, xZ^^ +X|^i xZ^2 + ^ ^in) 

AAg = y - (A2 X IOO/R2 + X, X Z21 + X|^.^ X Z22 + - + Xn X Z2n) — 

= y - (A^ X 1 00/R^ + X, X Z^, + X,^i X Z^g + - + X„ x Z^„.) (3) 

[0097] Then execute the following steps. 
^5 [0098] (STEP S21): Set the average value y previously calculated as the variable number Op to detemnine the line 
balance. 

[0099] (STEP S22): Set ail 0 from matrix Z^^ to Z^n' where Z^^ to Zmn. are variable data of 1 or 0. 
[0100] (STEP S23): In Loop 1 from 1 to m In the variable number Zlqop i . 1 . in Loop 2 from 1 to m in the variable 
number Zlqop 2' Loop n* from 1 to m In the variable number Zlqop n'' n*« execute STEP 824, STEP 825 and 

50 STEP S26 and return to STEP S22. 

[0101] (STEP S24); Calculate from AA^ to AA^,. 

[0102] (STEP S25): Add the minimum value of the absolute value of AA^ to AA^ with the maximum value of the 
absolute value of AA^ to AA,^ and set the sum as a loss data. 

[0103] (STEP S26): Compare the Loss value with Op value, if the Loss value equals the Op value or is less than the 
5^ Op value, go to step S27. if the Loss value is larger than the Op value, go back to STEP S22. 
[0104] (STEP S27): Set the Loss value as a variable number Op, 

[0105] (STEP 828): Memorize variable number Zop^, from the LOOP^ from 1 to m. Memorize variable number Zop2 
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from the LOOP2 from 1 to m. Memorize variable number Zopp. from the LOOPn, from 1 to m. 

From this, It is determined which of Z^^ to Z„n., is set to 1 for each process, In other words. It is detenmlned which wori< 

is processed in which process, namely, each matrix data 1 or 0 for Z^^ to Z^n, Is detenmlned. 

[0106] (STEP S29): Generate the process based work file that indicates when and what time the work process starts, 

5 what product Is going to be manufactured and which work should be executed. 

[0107] Fig. 15 is a table example showing a first calculation process of a production line balance considered most 
appropriate. This example shows how to calculate and minimize the line balance loss under the total number of oper- 
ations Is 21 (n=21 ), the number of processes such as Ml , M2 and M3 Is 3 (m=3), and each operator rating is Ri=110, 
R2=80, and R3=95, respectively. 

10 [0108] Each work man-hours , Xg — Xgi is as shown in Fig. 1 5, the sum of X^ to Xg Is equals 62, if X7 is added 
to the sum becomes 80, which is larger than . 

A,„ = 213/3 = 71 (total work man-hour/process number). 

15 

[0109] So that processes after X7 are determined as the next operator's work processes. 

[0110] Then the sum of X7 to Xg, which is Ag. Is 49, and A2 plus X^o equals 72, which is largerthan A,^ = 71 . So that 
processes after X^q detemnined as the next operator's work processes. 

[0111] Then, the sum Of X.,0 to X^^ which is A3, is 63, and A3 plus X^g becomes 72, which is larger than A,^ = 71 . 
20 So that processes after X^g to X2-1 are shared by 3 operators, in each work process, the rating multiplied values become 
57, 62 and 67 respectively as shown in Fig. 15. In this way, assigning work to each process so as to minimize the line 
balance loss can be determined as shown in Fig. 15. It is understood that each vjork process becomes 75 and the line 
balance loss becomes 0. 

[0112] Fig. 16 is a table example showing a second calculation process of a production line balance considered most 
25 appropriate. This example shows how to calculate and minimize the line balance ioss under the condition that the total 
number of works Is 21 (n=21), the number of processes, such as M1 , M2 and M3 Is 3 (m=3), and each operator rating 
Is Ri = 110, R2 = 80 and R3 = 95, respectively. Each wori< man hours X^^ Xg, — Xgi is as shown in Fig. 16, the total 
working man-hours X Is 213, which is the sum of the man-hours of each process. 

[0113] In this 2nd method, each operator shared man-hours Aj^, is calculated by the following equation. A|n, = X x 
30 Rii/(R^ + R2 + R3) (m=l to 3), where X is the sum of the man-hours of each process, R| is a rating of each process. 

A,^ = 21 3 X 1 1 0/(1 1 0 + 80 + 95) = B2.2 



Ag = 213 X 80/(1 10 + 80 + 95) = 59.8 



A,3 =213 X 95/(110 + 80 + 95) = 71 

40 

[0114] Now, the sum A^ of X^ to X7 is 80, and by multiplying A^ by the rating, the value 80 x 100/110 = 72.7 Is 
obtained. Processes after Xg are determined as the next operator's work processes. Then the sum of Xq to X^q* which 
is A2, is 52, and by multiplying A2 by the rating, the value 54 x 100/80 = 67.5 is obtained. Processes after X^^ are 
determined as the next operators' woric processes. 

45 [0115] The sum of X^^ to X^g, which Is Ag, is 70, and by multiplying A3 by the rating, the value 70 x 100/95 = 97.3 is 
obtained. Last of all, the lest of the man-hours are shared by 3 operators. In this case, each work Xgo = 3 and Xg^ = 6 
Is shared by M1 and M2 respectively, then calculate A^ = 72,7 + 3 = 75.7, A2' = 67.5 + 6 = 73.5 and A3' = 73.7. 
Accordingly, it is understood that sharing work to minimize line balance is as shown In Fig. 16. 
[0116] Fig. 17A and Fig. 17B show each half part of a collection of display examples of work order sheets. These 

50 displays show work order sheets at an assembling site No. 1 at every tact Interval, such as tQ, t^ , tg. In the drawings, 
although they are not shown, the displays at the assembling site No. 2 show the same displays as No. 1 after delaying 
one tact time Interval; the displays at the assembling site No. 3 show the same displays as No. 2 after delaying one 
tact time interval. 

[0117] The drawings indicate that products a and products p are to be assembled individually. The work contents 
55 for assembling the products a and p, and cautions are also displayed. And, if there is no work content, messages for 
work preparation and work end reports are shown on the screen. 

[01 18] Fig. 1 8A is a display example when faulty unit data of each product is input and Fig. 1 6B is a display example 
when the product error codes are input. 
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[0119] In Fig. 18A, operators input 

00 when the test process Is a basic process, 

01 when the test process is an aging process, 
5 02 when the test process is the last process. 

[0120] In the same way, corresponding codes pertaining to the temperature condition, voltage condition and impulse 
condition are Input. 

[0121] As shown in Fig. 18B, operators Input error codes for each fault phenomenon through the fault infonnation 
10 terminal by viewing the CRT screen connected with the fault Infonnation terminal. 

[0122] Fig. 19A is a display example of a unit list for a product before replacing faulty units, Fig. 19B Is a display 
example of a unit list for a product after replacing faulty units. 

[0123] Fig. 1 9A displays the case when a 3.5 Inch size floppy disk Is detemrilned a faulty disc at No. 6 unit product. 
In this case, when input 06 by operating the keyboard at the terminal, the data No. 6 Is deleted from the disc of the 

15 line host controller. 

[0124] Fig. 19B shows the screen after rewriting the lot number, the parts number of the semi-assembled product 
unit after repairing the semi-assembling unit by replacing the new unit for the fault unit No. 6. 
[0125] As heretofore explained, a versatile production system that can monitor the running condition of the system 
and diagnose abnomnal conditions immediately is provided, thereby generating work order sheets for each operator 
20 reflecting the diagnostic results. Furthennore, the present invention provides a versatile production system that provide 
work order sheets so as to increase productivity and minimize tact balance loss for the production line corresponding 
to the work change command generated from the production control system; namely, the system automatically and 
swiftly generates the schedule file and the process base work file. 

25 

Claims 

1 . A versatile production system comprising: 

30 at least one assembling site (1) for assembling parts sequentially delivered and for making various kinds of 

products on a single production line, 

at least one testing site (2) for testing and inspecting the perfonnance or quality of the assembled products, 

35 a plurality of line tenninals (3) installed at any of said assembling sites (1) or testing sites (2), 

a communication-memory unit (4) attached to and flowing with either one of said products or a pallet canying 
one of said products, the said communication-memory unit (4) exchanging manufacturing data with said line 
tenninals (3) and memorising data when its associated pallet or product is conveyed to said single production 
40 line, 

a line host controller (5) which reads said memorised data from said communication-memory unit (4) via said 
line tenninals (3) and uses the read data to output work order sheets for operators working at said assennbling 
sites (1) and said testing sites (2) via said line terminals (3), and which also outputs, via a said line terminal 
45 (3) installed at a final testing site, test result reports containing test/Inspection record data for a product that 

has been assembled, tested and inspected and which has finally been determined to be defect-free; 

a line host control tenninal (6) that directly inputs and outputs data for master file maintenance to/fronn said 
line host controller (5), said data for masterfile maintenance including work order control data, progress control 
50 data, schedule an^angement data and product history data; 

wherein said line host controller (5) 

a) previously memorises files such as woric contents files, operator files, time changes files, standard parts 
55 feeding sequence files, components of a product files, and maintenance tools files, 

b) receives a production command from a production control system. 
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c) calculates and shares work so as to minimise the production tact-time by; 

firstly calculating an average value by dividing the total work man-hours required for making a product 
by the total number of production processes required to make said product, whereby the said total 
number of production processes corresponds to the number of operators; 

and by secondly, for each operator (process), multiplying a group sum comprising the sum of the work 
man-hours initially assigned to that operator (process) on the basis of said average value, by the 
inverse of a rating for that operator, whereby the rating for each operator comprises a work efficiency 
factor for that operator, and, on the basis of the product of the multiplication, detemiining the actual 
work man-hours to be assigned to each operator (process). 

A versatile production system according to claim 1 , wherein said system further comprising a faulty product infor- 
mation temninal (7) which inputs fault code data to the line host controller (5) showing the presence of faulty products 
which should be replaced, the said faulty product information tenninal (7) being used to delete said fault code after 
the correction of a fault by replacing the faulty parts. 

A versatile production system according to claim 1 or 2, wherein said line host controller (5) outputs work order 
sheets to minimize said tact-time via said line terminal (3): 

said work order sheet is generated from a schedule file that records the work start date, type code, product name, 
product number, work sequence and work start time for a determined process, and a process base work file that 
indicates which product should be produced, and indicates when and what time the work should be started, and 
what work should be executed based on each process. 

A versatile production system comprising: 

at least one assembling site (1) for assembling parts sequentially delivered and for making various kinds of 
products on a single production line, 

at least one testing site (2) for testing and inspecting the performance or quality of the assembled products, 

a plurality of line terminals (3) installed at any of said assembling sites (1) or testing sites (2), 

a communication-memory unit (4) attached to and flowing with either one of said products or a pallet canying 
one of said products, the said communication-memory unit (4) exchanging manufacturing data with said line 
tenninals (3) and memorising data when Its associated pallet or product is conveyed to said single production 

line, 

a line host controller (5) which reads said memorised data from said communication-memory unit (4) via said 
line terminals (3) and uses the read data to output work order sheets for operators working at said assembling 
sites (1) and said testing sites (2) via the said line terminals (3), and which also outputs, via said line tenninal 
(3) installed at a final testing site, test result reports containing test/inspection record data for a product that 
has been assembled, tested and inspected and which has finally been detemnined to be defect-free; 

a line host control terminal (6) that directly inputs and outputs data for master file maintenance to/from said 

line host controller (5), said data for masterfile maintenance including work order control data, progress control 
data, schedule arrangement data and machine history data; 

wherein said line host controller (5) 

a) previously memorises files such as work contents files, operator files, time changes files, standard parts 
feeding sequence files, components of a product files, and maintenance tools files 

b) receives a production command from a production control system, 

c) calculates and shares work so as to minimise the production tact-time by; 

firstly assigning initial work man-hours to each operator on the basis of the result of a first calculation, 
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in which first calculation, for each operator, the sum of the total work man-hours required for making 
a product is muttlptied by the rating for that operator and the resulting product is divided by the sunfi 
of the ratings for all of the operators, whereby the rating for each operator comprises a work efficiency 
factor for that operator, and whereby the number of operators con-esponds to the totai number of 
5 production processes required to make said product; 

and by secondly, for each operator (process), multiplying the initial work man-hours assigned for that 
operator (process) by the inverse of the said rating for that operator (process), and on the basis of 
the resulting product, determining the actual work man-hours to be assigned to each operator (proc- 
ess). 

10 

5. A versatile production system according to claim 1 or 4 wherein the line host controller further assigns remaining 
work that was not assigned to each operator so as to obtain said total work man-hours for each operator by adding 
said group sum of work man-hours for each operator, which become substantially equal between operators. 

15 

Patentanspruche 

1. VIeiseitiges Produktionssystem, umfassend: 

20 zumlndest einen Montageplatz ( 1 ) zum Zusammenbauen von Teilen, welche nacheinander angeliefert warden, 

und zum Herstellen verschledener Arten von Produkten auf einer einzlgen FertlgungsstrafSe; 

zumlndest einen Testplatz (2) zum Testen und Oberpriifen der Lelstung oder QuaiitSt der zusammengebauten 
Produkte; 

25 

eine Mehrzahl von FertigungsstralBentennlnais (3), welche an einem oder mehreren beiiebigen Montagepiat- 
zen (1) Oder Testplatzen (2) installiert sind; 

eine Kommunikationsspeichereinheit (4), welche entweder an einem der Produkte oder an einer Paiette, wei- 
30 che eines der Produkte tragt, befestigt ist und damit mitbewegt wird, wobei die Kommunikationsspeichereinheit 

(4) Fertigungsdaten mit den FertigungsstraBentermlnals (3) austauscht und Daten spelchert, wenn die ihr 
zugeordnete Palette oder das ihrzugeordnete Produkt zur einzlgen FertigungsstraBe befordert wird; 

eine FertigungsstralBenkontroiieinheit (5), welche die gespeicherten Daten aus der Kommunikattonsspeicher- 
35 einheit (4) uber die FertigungsstraBentemninais (3) ausiiest und die gelesenen Daten verwendet, urn Arbeits- 

auftragsblatterfur Bedienpersonen, welche an den Montageplatzen (1) und den Testplatzen (2) arbeiten, iiber 
die FertigungsstraBentenninals (3) auszugeben, undwelcherauch uberelnes derFertigungsstraBentermlnals 
(3), welches an einem Endtestplatz installiert ist, Testergebnlsprotokolie ausgibt, welche Test/Uberprufungs- 
Protokotidaten fur ein Produkt enthalten, weiches zusammengebaut, getestet und uberpruft wurde, und wel- 
40 ches tetztendlich als mangeifrei erkannt wurde; 

ein FertigungsstraBenkontrollelnheltentermlnal (6), welches Daten zur Stammdatenpflege direkt zur Fertl- 
gungsstraBenkontrollelnheit (5) eingibt und direkt von dieser ausgibt, wobei die Daten zur Stammdatenpflege 
Arbeitsauftragssteuerdaten, Fortschrittssteuerdaten, Temninierungsdaten und historische Produktdaten um- 
45 fassen, 

wobei die FertigungsstraBenkontrolleinheit (5) 

a) zunachst Dateien wie Arbeitsinhaltsdateien, Bedienpersonendateien, Zeitanderungsdateien, Standard- 
50 teiie-Zufuhrabfolgedateien, Produktkomponentendateien und Wartungswerkzeugdateien speichert, 

b) einen Produktionsbefehl von einem Produktionsieitsystem empfangt, 

c) Arbeit berechnet und aufteilt, um die Produktionstaktzeit zu minimieren, 

55 

erstens durch Berechnen eInes Durchschnittswertes durch Dividieren der Gesamtanzahl an Arbelts- 
mannstunden, welche zur l-lersteliung eines Produktes erforderlich sind, durch die Gesamtanzahl an 
fur die i-iersteltung dieses Produktes erforderlich en Produktionsprozessen, wobei die Gesamtanzahl 
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an Produktionsprozessen der Anzahl an Bedlenpersonen entspricht; 

und zweitens durch Multlpllzleren, fQr Jede Bedienperson Oeden ProzeB), einer Gruppensumme, wel- 
che die Summe der Arbeitsmannstunden umfaBt, welche ursprunglich jener Bedienperson (jenem 
ProzeR) auf der Grundlage des Durchschnlttswertes zugeteilt wurden, nnit der Inversen einer Bewer- 
tung fiir jene Bedienperson, wobel die Bewertung fur jede Bedienperson einen Arbeitseffizlenzfaktor 
fur jene Bedienperson umfaBt, und, auf der Grundlage des Produkts der Multiplii<atIon, durch Ennittein 
dertatsachlichen Arbeitsmannstunden, welche jeder Bedienperson (jedem ProzeB) zuzuteilen sind. 

Vielseitiges Produktionssystem nach Anspruch 1 , wobei das System des weiteren ein Produlctfehlerdatentenninal 
(7) umfaBt, welches Fehlercodedaten zu der FertlgungsstraBenkontroiielnheit (5) eingibt, welche das Vorhanden- 
sein fehlerhafter Produkte anzeigen, die ausgetauscht werden sollten, wobei das Produktfehlerdatentemilnal (7) 
verwendet wird, um den Fehlercode nach Behebung eines Fehlers durch Austausch der fehlerhaften Telle zu 
Idschen. 

Vielseitiges Produktionssystem nach Anspruch 1 oder 2, wobel der FertigungsstraBenregler (5) Arbeitsauftrags- 
blatter ausglbt, um die Taktzeit uber das FertlgungsstraBentermlnal (3) zu minimieren: 

wobei das Arbeitsauftragsblatt aus einer Zeitplandatel generiert wIrd, welche Arbeitsbeginndatum, Typencode, 

Produktnamen, Produktnummer, Arbeitsabfolge und Arbeitsbeglnnzeitfur einen bestimmten ProzeB aufzeichnet, 
und aus einer ProzeBbaslsarbeltsdatei, welche angibt, welches Produkt produzlert werden sollte, und anglbt, wann 
und zu welcher Zeit mit der Arbeit begonnen werden sollte und welche Arbelten unter Zugrundelegung des jewei- 
llgen Prozesses ausgefuhrt werden sollten. 

Vielseitiges Produktionssystem, umfassend: 

zumindest einen Montageplatz(1)zumZusammenbauen von Tellen, welche nacheinanderangellefert werden, 
und zum Herstellen verschiedener Arten von Produkten auf einer einzigen FertigungsstraBe; 

zumindest einen Testplatz (2) zum Testen und Oberprufen der Leistung oder Quailtat der zusammengebauten 
Produkte; 

eine Mehrzahl von FertigungsstraBentemiinals (3), welche an einem oder mehreren beliebigen l^ontageplat- 
zen (1) oderTestplatzen (2) Installiert sind; 

eine Kommunikationsspeichereinheit (4), welche entweder an einem der Produkte oder an einer Palette, wel- 
che eines der Produkte tragt, befestigt ist und damit mitbewegt wird, wobei die Kommunikationsspeichereinheit 
(4) Fertigungsdaten mIt den FertigungsstraBentemiinals (3) austauscht und Daten speichert, wenn die Ihr 
zugeordnete Palette oder das ihr zugeordnete Produkt zur einzigen FertigungsstraBe befdrdert wird; 

eine FertigungsstraBenkontrolieinhelt (5), welche die gespeicherten Daten aus der Kommunikationsspeicher- 
einheit (4) iiber die FertlgungsstraBentennlnals (3) ausliest und die geiesenen Daten verwendet, um Arbeits- 
auftragsblatter fur Bedlenpersonen, welche an den Montageplatzen (1) und denTestplatzen (2) arbelten, uber 
die FertigungsstraBenterminals (3) auszugeben, und welcher auch uber das FertigungsstraBenterminal (3), 
welches an einem Endtestplatz installiert ist, Testergebnisprotokolle ausglbt, welche Test/Uberprufungs-Pro- 
tokolldaten fur ein Produkt enthalten, welches zusammengebaut, getestet und uberprQft wurde, und welches 
letztendlich ais mangelfrei erkannt wurde; 

ein FertigungsstraBenkontrolleinheitenterminal (6), welches Daten zur Stammdatenpflege direkt zur Ferti- 
gungsstraBenkontrolleinheit (5) eingibt und direkt von dieser ausglbt, wobei die Daten zur Stammdatenpflege 
Arbeitsauftragssteuerdaten, Fortschrittssteuerdaten, Tenminlenjngsdaten und historische Maschinendaten 
umfassen, 

wobei die FertigungsstraBenkontrolielnheit (5) 

a) zundchst Dateien wie Arbeltslnhaltdatelen, Bedlenpersondatelen, Zelt&nderungsdatelen, Standardtel- 
ie-Zufuhrsequenzdateien, Produktkomponentendateien und Wartungswerkzeugdateien speichert, 

b) einen Produktionsbefehl von einem P rod uktionsleitsy stem empfangt, 
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c) Arbeit berechnet und aufteilt, um die Produktionstaktzeit zu minimieren, 

erstens durch Zuteilen ursprunglicher Arbeltsmannstunden zu Jeder Bedienperson auf der Grundlage 
des Ergebnlsses einer ersten Berechnung, wobei bel der ersten Berechnungfiir jede Bedienperson 

5 die Summe der gesannten Arbeltsmannstunden, die fur das Herstellen eines Produktes erforderiich 

sind, nnit der Bewertung fQr jene Bedienperson muttipliziert wird und das resultierende Produkt durch 
die Summe der Bewertungen fur aile Bedienpersonen divldiert wird, wobei die Bewertung fur Jede 
Bedienperson elnen Arbeitseffizienzfaktor fur Jene Bedienperson umfaBt, und wobei die Anzahi von 
Bedienpersonen derGesamtanzaht an Produktionsprozessen, weichezum Herstellen des Produktes 

10 erforderiich sind, entsprlcht; 

und zweitens durch Multlplizieren, fur jede Bedienperson (jeden ProzeB), der ursprungllchen Arbelts- 
mannstunden, welche Jeder Bedienperson (jenem ProzeB) zugeteilt wurden, mit der Inversen der 
Bewertung fur jene Bedienperson Qenen ProzeB), und durch Ennitteln, auf der Grundlage des resul- 
ts tierenden Produkts, der tatsachlichen Arbeltsmannstunden, welche jeder Bedienperson Gedem Pro- 
zeB) zuzuteilen sind. 

5. Vielseftlges Produktlonssystem nach Anspruch 1 oder 4, wobei die FertlgungsstraBenkontroIielnhelt des welteren 
verbleibende Arbeiten, welche nicht Bedienpersonen zugewiesen wurden, durch Addleren der Gruppensumme 
20 von Arbeltsmannstunden fCir jede Bedienperson zuwelst, um dadurch fiir jede Bedienperson die Gesamtanzahl 
an Arbeltsmannstunden zu errelchen, weiche unter den Bedienpersonen im wesentiich gleich wird. 



Revendications 

25 

1 . Syst^me de production polyvalent comprenant : 

au moins un site d'assembiage (1) destind k I'assemblage de pieces amendes de fa9on s6quentlelle et k ia 
fabrication de produits de diffdrents types sur une ligne de production unique ; 

30 

au moins un site d'essai (2) destine k i'^preuve et i'lnspection des perfomnances ou de ia quality des produits 
assembles ; 

une plurailtd de terminaux de llgne (3) Install^s sur cheque desdits sites d'assembiage (1) ou desdits sites de 
35 test (2); 

une unit6 m^moire de communication (4) attach^e k un dit prodult ou une palette portent un dit prodult et avec 
tesquels eile circule, ladite unlt6 m^moire de communication (4) Schangeant des donn^es de fabrication avec 
iesdits terminaux de ligne (3) et m^morisant des donn6es lorsque la palette ou ie produit assocISs sont con- 
40 voy6s vers ladite ligne de production ; 

un contrdleur de ligne principal (5) qui lit iesdites donn6es mSmoris^es de ladite unit§ mSmoire de communi- 
cation (4) via lesdits temalnaux de ligne (3), utilise ies donndes lues pour produire via Iesdits temninaux de 
ligne (3) des bons de travail destine aux operateurs travaillant sur lesdits sites d'assembiage (1) et d'essai 
45 (2), et qui sort ^gaiement via un tenminal de llgne (3) install^ sur un site d'essai final, des rapports de r6suitat 

d'epreuve comprenant des donn^es relatives a un essai ou une Inspection pour un produit qui a 6X6 assemble, 
test6, Inspects et finalement consid6re sans d6fauts ; 

un terminal principal de contrdie de ligne (6) qui entre directement Ies donndes de maintenance de fichier 
so pemnanent dans Ie contrdleur de llgne principal (5) et ies en sort directement, Iesdites donndes de maintenance 

de fichier permanent incluant des donn^es relatives k la gestion des bons de travail, k la gestion des progrfes 
effectu^s, k la determination des d6lais et k i'histoire de la machine ; 



55 



ledit contrdleur de ligne principal (5) 

a) memorise pr6aiablement des fichlers tels que ies fichiers de contenus des travaux, des fichiers relatlfs 
aux operateurs, des fichiers de changement de temps, des fichiers relatlfs k la sequence d'alimentation 
en pieces de s6rte, des fichiers de nomenclature pour un produit et des fichiers sur Ies outils de mainte- 
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nance, 

b) revolt une instruction de production provenant d'un systfeme de commande de production, 

c) calcule et r6partlt le travail de sorte a minimiser les cycles de production en ; 

dans un premier tennps, calculant une valeur moyenne obtenue en divisant le total d'heures de travail 
par personne requises pour la fabrication d'un produit par le nombre total de processus de production 
requis pour la fabrication dudit produit, le nombre total de processus de production correspondant h 
I'effectif des op6rateurs ; 

et dans un deuxieme temps, multlpliant pour chaque operateur (processus) une somme groupee 
comprenant la somme des heures de travail par personne Inltiaiement attribute k cet op6rateur (pro- 
cessus) sur la base de ladite valeur moyenne par I'lnverse d'une qualification pour cet op6rateur, ia 
qualification pour chaque op6rateur comprenant un facteur d'efficacit6 du travail pour ce dernier, et 
en determinant k partir du produit de ia multiplication les heures de travail par personne effectives 
devant &tre attributes ^ chaque operateur (processus). 

Systdme de production polyvalent selon la revendication 1 comprenant par ailleurs un temninai d'infonnation sur 
les produits d6fectueux (7) qui entre les donn6es de code d'en'eur dans le contr6leur de llgne principal (5) Indiquant 
ainsl la presence de produits d6fectueux a remplacer, ledit tenninal d'infomiation sur les produits ddfectueux (7) 
etant employe pou r effacer les donnees de code d'erreur une f ois ia con-ection effectuee par remplacement desdits 
produits dtfectueux. 

Systeme de production polyvalent selon la revendication 1 ou 2 dans lequei iedit controieur de llgne principal (5) 
produit des bons de travail de sorte ^ minimiser les temps de cycle via ledit temninai de llgne (3) : 
ledIt bon de travail 6tant g6n6r6 & partir d'un flchier dtlals qui enregistre la date de d6but de ia tSche, le code de 
type, le nom du produit, le num6ro du produit, la sequence de travail et I'heure de d6but du travail pour un processus 
detemnint, et d'un fichier de base des processus qui indlque quel produit est k fabriquer ainsi que la date et I'heure 
de lancement de la tdche et le travail k extcuter en fonction de chaque processus. 

Systeme de production polyvalent comprenant : 

au molns un site d'assemblage (1) destine k i'assemblage de pieces amentes de fa9on sdquentielie et k la 
fabrication de produits de difftrents types sur une llgne de production unique, 

au molns un site d'essai (2) destin§ k l'6preuve et I'Inspectlon des perfomnances ou de la quality des produits 
assembles, 

une pluralltS de temriinaux de ligne (3) installts sur chacun desdits sites d'assemblage (1) ou desdits sites de 
test (2), 

une unite memoire de communication (4) attach^e k un dit produit ou une palette portant un dit produit et avec 
lesquels eile circule, ladite unite memoire de communication (4) 6changeant des donndes de fabrication avec 
iesdits temnlnaux de ligne (3) et mtmorisant des donnSes lorsque la palette ou le produit associds sont con- 
voyts vers ladite llgne de production, 

un contrdleur de ligne principal (5) qui lit lesdites donn6es memorls6es de ladite unlt6 memoire de communi- 
cation (4) via Iesdits temninaux de ligne (3), utilise les donnees lues pour produire via Iesdits tenninaux de 
ligne (3) des bons de travail destin6 aux optrateurs travaillant sur Iesdits sites d'assemblage (1) et d'essai 
(2), et qui sort egalement via un terminal de llgne (3) installesur un site d'essai final, des rapports de r^sultat 
d'6preuve comprenant des donn6es relatives k un essai ou une inspection pour un produit qui a 6X6 assemble, 
tests, inspecte et finalement conslddre sans ddfauts ; 

un tenmlnal principal de contr6le de llgne (6) qui entre directement les donn6es de maintenance de fichier 
permanent dans le contr6leur de ilgne principal (5) et les en sort directement, lesdites donn6es de maintenance 
de fichier penmanent Incluant des donnees relatives k ia gestion des bons de travail, k la gestion des progrds 
effectuSs, k la dttemiination des ddlals et k i'histoire de la machine ; 
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ledit contrdleur de ligne principal (5) 

a) m^mon'se prSalablement des fichiers teis que ies fichiers de contenus des travaux, des fichiers relatifs 
aux op6rateurs, des fichiers de changement de temps, des fichiers relatifs k la sequence d'allmentation 
en pieces de s^rie, des fichiers de nomenclature pour un produit et des fichiers sur Ies outils de mainte- 
nance, 

b) regoit une Instruction de production provenant d'un systfeme de comrtiande de production, 

c) calcule et r^partlt le travail de sorte k minimiser Ies cycles de production en ; 

dans un premier temps, assignant des heures de travail par personne k chaque operateur sur la base 
du r6sultat obtenu dans un premier calcul selon lequel, pour chaque opdrateur, la somme des heures 
de travail par personne requises pour la fabrication d'un produit est muttipliee par la somme des 
qualifications pour I'ensemble des op6rateurs, la qualification pour chaque op6rateur comprenant un 
facteur d*efflcacit6 du travail pour ce dernier, et le nombre des op6rateurs correspondant au nombre 
total de processus requis pourfabriquer ledit produit ; 

et dans un second temps, en muitipiiant la somme des heures de travail par personne inltiaiement 
attributes k cet operateur (processus) par I'Inverse de ladlte qualification pour cet operateur (proces- 
sus) et, k partir du produit de la multiplication, en d6temninant Ies heures de travail par personne 
effectives devant etre attribuees k chaque op6rateur (processus). 

Syst6me de production polyvalent selon la revendication 1 ou 4 dans lequel le contrdleur de ilgne principal assigne 
par aiiieurs k chaque operateur le travail residuei n'ayant pas encore 6te affects, de sorte k obtenir pour chaque 
operateur ledit total d'heures de travail par personne en additionnant ladite somme groupie heures de travail par 
personne pour chaque operateur, laqueile est alors sensiblement 6gale entre Ies op6rateurs. 
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Fig 3 
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